This article highlights the updates from preclinical and clinical studies into the field of wasting disorders that were presented at the 11th Cachexia Conference held in Maastricht, the Netherlands, in December 2018. Herein, we summarize the biological and clinical significance of different markers and new diagnostic tools and cut-offs for the detection of skeletal muscle wasting, including micro-RNAs, siRNAs, epigenetic targets, the ubiquitin-proteasome system, mammalian target of rapamycin signalling, news in body composition analysis including the D3-creatine dilution method, and electrocardiography that was modified to enable segmental impedance spectroscopy. Of particular interest were the beneficial effects of BIO101 on muscle cell differentiation, hypertrophy of myofibers associated with mammalian target of rapamycin pathways activation, and the effect of metal ion transporter ZIP14 loss that reduces cancer-induced cachexia. The potential of anti-ZIP14 antibodies and zinc chelation as anti-cachexia therapy should be tested in patients with cancer cachexia. Big randomized studies were presented such as RePOWER (observational study of patients with primary mitochondrial myopathy), STRAMBO (influence of physical performance assessed as score and clinical testing), MMPOWER (treatment of elamipretide in subjects with primary mitochondrial myopathy), FORCE (examined differences in relative dose intensity and moderate and severe chemotherapy-associated toxicities between a strength training intervention and a control group), and SPRINTT (effectiveness of exercise training in healthy aging). Effective treatments were urothelin A, rapamycin analogue treatment, epigenetic factor BRD 4 and epigenetic protein BET, and the gut pathobiont Klebsiella oxytoca. Clinical studies that investigated novel approaches, including urolithin A, the role of gut microbiota, metal ion transporter ZIP14, lysophosphatidylcholine and lysophosphatidylethanolamine, and BIO101, were described. It remains a fact, however, that effective treatments of cachexia and wasting disorders are urgently needed in order to improve patients' quality of life and their survival.
Introduction
The development of preventive and therapeutic strategies against cachexia and wasting disorders, such as sarcopenia, is perceived as an urgent need by health professionals and has instigated intensive research into the pathophysiology of these syndromes. [1] [2] [3] [4] Unlike sarcopenia, cachexia is characterized by progressive weight loss affecting different body compartments, particularly muscle tissue and adipose tissue, although even bone mineral content may be affected.
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Muscle wasting diseases such as sarcopenia, myopathies, and cachexia are associated with the decline in differentiation of muscle cells into functional myofibers. This leads to a decrease in mobility and poor quality of life. Over the last years, the Cachexia Conference has developed into a forum for researchers from all fields of cachexia and wasting disorders. It is unique in several ways as it provides a platform for both clinicians and basic researchers to meet and discuss pathways and potential therapeutic targets as well as recent evidence from clinical trials. The 11th conference was held in Maastricht, the Netherlands, from 7 to 9 December 2018 with over 350 participants from more than 30 countries attending and over 200 abstracts being presented as posters.
Basic science
This year, some interesting updates on signalling pathways and small molecules were presented. Especially, analysis of the genome including RNAs, micro-RNAs, the proteome, and microbiota was in the focus this year. So it was of special interest that Wand et al. (Emory University, Atlanta, GA, USA) presented data of muscle-derived exosome miRNA-26a in mice with chronic kidney disease. By using an engineered exosome vector, miRNA-26a generated in muscle satellite cells and injected into the tibialis anterior muscle of mice with chronic kidney disease, they impressively showed that overexpression of miRNA-26a in muscle prevents chronic kidney disease-induced muscle loss and cardiac fibrosis via exosome-mediated muscle-heart crosstalk. RNAs as novel regulators of gene expression in cancer cachexia were also presented by Damaraju et al. (University of Alberta, Edmonton, Canada). Several small nuclear RNAs (snRNA) or the introns can be ribozymes that are spliced by themselves. RNA can also be altered by having its nucleotides modified directed by small nucleolar RNAs (snoRNA) found in the nucleolus. The potential of miRNAs, piwi-interacting (pi)-RNAs, small interfering (si)-RNAs, sno-RNAs, and transfer (t)-RNAs is discussed in the recent literature 6, 7 and was presented during the congress. [8] [9] [10] [11] They profile and identify differentially expressed small non-coding RNAs (miRNAs, piRNAs, and mRNAs) from muscle biopsies (22 cachectic and 20 non-cachectic cancer patients). To validate representative sncRNAs, they used real-time PCR and to replicate their findings in independent muscle biopsies. Phenotyping of cases was based on the international consensus diagnostic framework for classifying patients as cachectic or not. A total of 453 piRNAs were identified, and five piRNAs were retained after stringent filtering as differentially expressed (P < 0.05 and fold change-1.3). The identified miRNAs and piRNAs are associated with cachexia phenotype and have potential in developing targeted therapeutics. Paola Costelli (University Torino, Torino, Italy) gave an overview of the role of miRNA in muscle wasting. miRNAs and also other non-coding RNAs are modulated in the skeletal muscle of both tumour-bearing mice and cancer patients. In plasma-derived microvesicles, miRNAs seem to be less prone to changes. Nevertheless, further studies are needed to clarify the possibility to use miRNAs as biomarkers in cachexia. In this regard, Wang et al. (Columbia University,  USA) 12 impressively showed a metal ion transporter ZIP14
that was up-regulated in cachectic muscles from five independent metastatic models as well as in patients with metastatic cancer. They showed that the cytokines tumour necrosis factor (TNF) and transforming growth factor beta (TGF-β) up-regulate ZIP14 in muscles, resulting in the accumulation of intracellular zinc. Zip proteins have been shown to import zinc into the cytosol from the plasma membrane or intracellular organelles. Zip14 is a member of the zinc transporter family, which is involved in zinc uptake by cells. Increased zinc in muscle cells degrades myosin heavy chain, a major determinant of muscle mass and function. They concluded that ZIP14 loss reduces cancer-induced cachexia. The potential of anti-ZIP14 antibodies and zinc chelation as anti-cachexia therapy should be tested in patients with cancer cachexia. One of these important pathways is the ubiquitin-proteasome system. The ubiquitin-proteasome system plays a critical role in skeletal muscle wasting. Studies from many groups over the past years have indeed identified many components in the ubiquitin conjugating system that are induced in atrophying skeletal muscle. Shavlakadze et al. (Biometrics Matters Limited, New Zealand) 13 gave an overview about targeting the mammalian target of rapamycin complex 1 (mTORC1) pathway for age-related disorders. They impressively showed that mTORC1 inhibition increases mass in sarcopenic muscle. The sustained mTORC1 activity in aging rat skeletal muscle results in up-regulation of mTORC1 pathway components and concomitant loss of muscle mass. Inhibition of mTORC1 with rapalogs is not detrimental to skeletal muscle and increased mass in selected muscle groups. Rapamycin and its analogues (rapalogs) are the first generation of mTOR inhibitors, which have the same molecular scaffold but different physiochemical properties. Rapalogs are being tested in a wide spectrum of human tumours as both monotherapy and a component of combination therapy. The Ohio State University Wexner Medical Center, Columbus, OH, USA) gave an overview to the important functions of NF-κ B in myoblast to stimulate activin and inhibit muscle differentiation. They impressively showed that NF-κB is activated in cachectic muscle in both paired box 7 progenitor cells and myofibers. 15, 16 Other studies buttress the view that increased forkhead box protein O (FoxO) signalling and the activation of the transcription factors NF-κB, muscle RING finger 1 (MuRF1), and muscle atrophy F-box (MAFbx) in skeletal muscle play major roles during cachexia onset and progression. [17] [18] [19] MuRF1
and MAFbx are essentially involved in muscle atrophy development. Indeed, genes whose expression levels are commonly increased during multiple models of skeletal muscle atrophy, including cancer and sepsis, are MAFbx, MuRF1, and cathepsin, and there is evidence that each is a FoxO target gene. Inducers of MuRF1 and MAFbx expression are TNF, IL-6, and interleukin-1 (IL-1), and NF-κB appears to be the most important regulator of MuRF1 and MAFbx expression in the skeletal muscle. presented the mechanisms involved in muscle atrophy induced by activin A. Activin A (100 ng/mL during 48 h) caused atrophy of differentiated skeletal muscle cells, characterized by a reduction of the myotube diameter associated with a decrease of the cellular content in slow myosin heavy chain. Activin A causes atrophy of human skeletal muscle cells by repressing transcription and activity of MEF2C leading to a decrease in MYH7 transcription and slow myosin heavy chain synthesis. Some factors known to increase MEF2C activity, such as exercise, should be assessed in order to prevent the atrophying effect of activin A on skeletal muscle and hence the development of cancer cachexia. Giuseppina Caretti et al. (Universita degli Studi di Milano, Milan, Italy) showed the epigenetic targeting as a new field of development therapeutic avenues in muscle wasting. They interestingly showed that the epigenetic factor BRD 4 and the protein BET regulate cachexia through direct activation of the muscle atrophy programme. The pharmacological blockade of BET prevents the activation of catabolic genes associated with skeletal muscle atrophy and decreases IL-6. Moreover, BET proteins are required to coordinate an IL-6-dependent AMPK nuclear signalling pathway leading to the activation of the FoxO 3 transcription factor. Thus, BET proteins are a promising target to counteract cancer cachexia. Another potential field of development of therapeutically avenues in cancer cachexia is the gut microbiota.
Pötgens et al. (Université catholique de Louvain, Brussels, Belgium) 21 presented the role of gut microbiota. They identified Klebsiella oxytoca as one of the main Enterobacteriaceae species increased in cancer cachexia and demonstrated that these bacteria act as a gut pathobiont by altering gut barrier function in cancer cachectic mice. They propose a conceptual framework for the lower colonization resistance to K. oxytoca in cancer cachexia that involves altered host gut epithelial metabolism and host-derived nitrate boosting the growth of the gut pathobiont. They impressively showed the potential of targeting the gut microbial dysbiosis in cancer cachexia; moreover, they showed the role of K. oxytoca as a gut pathobiont. In this regard, Pötgens et al. (Université catholique de Louvain, Brussels, Belgium) 22 showed next-generation sequencing and 1 H-NMR metabolomics that can be used to characterize microbial ecosystem and metabolism of cachectic mice. Finally, the relevance of such biological pathways will be validated in vivo.
Miller et al. (University of Edinburgh, Royal Infirmary of Edinburgh, UK)
23 showed plasma metabolomics in oesophago-gastric cancer patients. Eighteen patients were divided into two groups on the basis of percentage weight loss analysed with liquid chromatography-mass spectrometry. Metabolomic analysis identified 37 metabolites that were associated with weight loss. Metabolites with the highest fold change were lysophosphatidylcholine (ratio 1.78, P = 0.003) and lysophosphatidylethanolamine (ratio 1.79, P = 0.002). These highlight the role of increased lipolysis in cancer cachexia. Further studies are needed to validate lysophosphatidylcholine and lysophosphatidylethanolamine as early markers of cachexia in oesophago-gastric cancer. A number of elegant models were presented in order to improve our understanding of pathways involved in the wasting process. Muscle wasting has received increasing research efforts in recent years. 24, 25 Further research is warranted to investigate the role of decreased physical activity for the suppression of muscle anabolic signalling during the progression of cancer cachexia. 26 Feeding can activate cachectic muscle mTOR and protein synthesis. Stimulated contractions can attenuate muscle wasting and alter intramuscular cachectic signalling after the initiation of cachexia. Overall, there is a deficit in acute anabolic signalling induced by contraction signalling that is more pronounced than the response to feeding.
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Body composition
Different techniques to measure body composition were presented during the congress including computer tomography scan, dual energy X-ray analysis (DEXA) and magnetic resonance imaging, D3-creatine dilution analysis, and bio-impedance analysis. In the last years, resistance training and the impact of different training modalities were more and more focused. Liberman et al. (Vrije Universiteit Brussels, Belgium) 28 showed the influence of short-term and long-term detraining on muscle strength and body composition after following a resistance training programme in older adults. Community-dwelling older adults (71 ± 5 years) participating in the Senior's Project Intensive Training (SPRINT) who were randomized into 3-6 months of 3 times per week intensive strength training [75-80% of one-repetition maximum (1RM); n = 31] or strength endurance training (40-50% of 1RM; n = 32) and of whom data at 1 year follow-up were available were included. Muscle strength and appendicular muscle fat ratio were assessed through 1RM measurements and bioimpedance at baseline and at 3, 6, and 12 months after baseline. The results showed that muscle strength increased significantly after 3 and 6 months of resistance training irrespective of training load (intensive strength training and strength endurance training: all P < 0.001). After short-term detraining, significant decreases were observed in strength endurance training and intensive strength training (both P < 0.05). After additional (long-term) detraining, no significant supplementary changes were found for muscle strength. From the same group, Bautmans et al. (Vrije Universiteit Brussel, Brussels, Belgium) showed that 6 weeks of strength endurance training attenuates senescence-prone T cells in peripheral blood in community-dwelling older women. 29 There is growing evidence that immunosenescence and its dysregulation may play a role in the development of sarcopenia. Therefore, targeting senescent cells is thought to be a promising way to prevent or alleviate age-related sarcopenia. Although exercise is recognized as a safe countermeasure for immunosenescence, few studies have explored its long-term effect on immunosenescence. The optimum training condition required to obtain beneficial results in older subjects is lacking. One hundred older women (aged 65 years and over) were randomized to two to three times per week training for 6 weeks at intensive strength training (3 × 10 repetitions at 80% 1RM, n = 31), strength endurance training (2 × 30 repetitions at 40% 1RM, n = 33), or control (flexibility training, n = 36). The results indicate that strength endurance training protocols with many repetitions might favour the reduction of senescence-prone T cells in older women. Whether strength endurance training might represent a potential novel strategy to delay the onset and impede the progression of immunosenescence requires additional investigation. One of the main topics this year is the screening tools for the assessment of sarcopenia and frailty and muscle wasting. Steven Heymsfield stated that 'the challenge is the integrated detection of muscle quality and muscle mass and muscle function'. Surprisingly, in this regard, Skrabal et al. showed (Medical University Graz, Graz, Austria) 30 measurements of appendicular muscle mass and fat measurements using 12-channel electrocardiography (ECG). The ECG was modified as to enable segmental impedance spectroscopy in six body segments (thorax, abdomen, and the four limbs). The impedance at different frequencies is used to calculate fat and muscle mass in all segments and can be corrected for extracellular fluid. After validation according to whole-body DEXA scan (123 male and 153 female participants) they showed measurements of ECGs from 976 male and 847 female participants (age range 9-97 years) demonstrating a continuous rise in appendicular muscle mass peaking at 25 years and a decline thereafter in both sexes. The slope of decline is much steeper in male participants, but in very old age, appendicular muscle mass is nearly identical in both sexes. However, the most amazing method to detect skeletal muscle mass was described by Stimpson et al.,
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who showed the D3-creatine dilution method for the determination of total body creatine pool size and skeletal muscle mass. This interesting method can directly assess skeletal muscle mass or its change, during aging, inactivity, disease, or exercise. This method takes advantage of a number of aspects of creatine biology. More than 90% of the total body creatine pool is found in skeletal muscle. Newly synthesized creatine from hepatic and renal sources is transported into the sarcoplasm against a large concentration gradient.
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H-labelled creatine is ingested as a 30 mg capsule and distributed to skeletal muscle. Creatine is converted to creatinine and excreted in urine. Importantly, the measurement with the creatine dilution method is not affected by shifts in body water that occur in many diseases associated with cachexia.
Clinical trials and new treatment targets
Maurizio Muscaritoli (Universita de Rome, Italy) stated that 'One of five patients with cancer dies from cachexia, not from cancer'. He presented results of the prevalence of malnutrition study PreMIO. Malnutrition was defined as Mini Nutritional Assessment score < 17 (n = 1925). Among cancer site groups, malnutrition stages significantly increase with stage of cancer (P < 0.001). They showed that decreased nutrient intake, weight loss, and malnutrition are highly prevalent at all cancer stages. More than 20% of cancer patients die for the direct or indirect consequences of cachexia. Nutrition therapy does not affect tumour growth and changes in body composition, and depletion of muscle mass may increase the risk of treatment toxicity. The timely appropriated nutritional interventions may cost-effectively improve outcome in cancer patients. In regard to nutritional supplementation, Ispoglou et al. (Leeds Becked University, UK) presented findings with gel-based essential amino acids supplementation intake for addressing age-related sarcopenia in 10 elderly women. The whey protein and gel-based amino acids supplement provided nearly 7.5 g of essential amino acid or the equivalent of 15 g of high-quality protein. The mean age of the woman was 70 years. The whey protein isolate facilitated an increase in protein, whereas supplementation with essential amino acid-based gel increases in both energy and protein intakes. Kamyar Kalantar-Zadeh et al.
(University of California Irvine, CA, USA) stated that the dialysis procedure is a perfect example of the integration of undernutrition and catabolism and how it leads to protein energy wasting, a single pathological entity. They summarized how cytokine activation, the increased muscle breakdown induced by dialysis, and reduced protein and energy intake lead to protein energy wasting. The dialysis procedure itself leads to increased inflammation with production of acute phase reactants, albumin, fibrinogen, and C-reactive protein. The state of undernutrition is associated with a depleted amino acid pool, amino acid loss into dialysate, and the synthesis of acute phase proteins, limited substrate availability for muscle protein synthesis, and other anabolic processes. Undernutrition-induced hypoalbuminaemia further aggravates this situation. The body therefore catabolizes muscle and tissue protein to release amino acids in plasma to maintain the amino acid pool. The muscle reacts to catabolism by activating local cytokine production. Thus, the dialysis procedure results in an increased inflammatory response that perpetuates the muscle catabolic effect in a vicious circle.
Many studies of exercise training were presented. Caan et al. presented data from the Focus On Reducing Dose-Limiting Toxicities in Colon Cancer with Resistance Exercise (FORCE) study. They examined differences in relative dose intensity and moderate and severe chemotherapy-associated toxicities between a strength training intervention and a control group. A total of 180 newly diagnosed stage II and III colon cancer patients were included, and 36 patients were randomized into the training group. They received chemotherapy with fluoropyrimidine (5-fluoropyrimidine or capecitabine) ± oxaliplatin and patients received four to six in-person training sessions over the course of chemotherapy and completed two training sessions per week at home until the completion of chemotherapy. The complete results of the study will be presented during the next conference. Fancesco Landi (Universidad Católica de Roma, Roma, Italy) raised the question as to 'how much exercise is too much'? Maybe the exercise intervention trial SPRINTT 32, 33 can give an answer. SPRINTT is a phase III, multicentre, randomized controlled trial aimed at comparing the efficacy in preventing mobility disability of a multicomponent intervention, based on long-term structured physical activity, personalized nutritional counselling/dietary intervention, vs. a healthy aging lifestyle education programme. A total of 1519 participants were included until November 2017 when the recruitment was finished, and the first results were shown. Also, some other new therapeutic molecules were presented this year. For example, Serova et al. 34 (Biophytis, Sorbonne Université, BC9, Paris, France) characterize a new small molecule, the drug candidate BIO101. Last year, the BIO103 was firstly presented, and this year, the newly BIO101 was shown. BIO101 is a pharmaceutical grade preparation of the ecdysteroid 20-hydroxyecdysone purified from stemmacantha carthamoides. BIO101 and BIO103 previously demonstrated its potential on muscle quality and function in different in vitro and in vivo models. The aim of this study was to characterize the impact of BIO101 on muscle cells differentiation. BIO101 increases phosphorylation of major kinases of AKT/mTOR pathway in C2C12 cells. The study impressively showed the beneficial effects of BIO101 on muscle cell differentiation and hypertrophy of myofibers associated with AKT/mTOR pathways activation. Moreover, they showed an increased desmin, myogenin, and myosin expression with BIO101 treatment and increases in mitochondrial mass and activity in response to BIO101 exposure. They conclude that BIO101 is believed to be responsible for improved muscle function, and these results support the clinical development of Sarconeos in sarcopenic patients. Yi-Ping Li et al. 35 (University of Texas Health Science Center at Houston, Texas, USA) showed the tumour-derived heat shock protein (hsp) 70/90 in cancer cachexia. Toll-like receptor (TLR) 4 has been shown to be a key mediator of muscle wasting induced by multiple types of cancer. Similarly, toll-like receptor (TLR) 4 k.o. mice were resistant to tumour-induced muscle wasting. Importantly, tumour-induced elevation of the circulating inflammatory cytokines TNF and IL-6 was dependent on tumour-released heat shock protein 70/90 and TLR4. They identified a regulatory mechanism that increases hsp70 and hsp90 involving up-regulation of Rab27B by the zinc transporter ZIP4. They impressively showed the effect of acetic acid intake on muscle quality and expressions of atrophy-related genes of aged rats. are the restoration of adenosine triphosphate production together with decreased reactive oxygen species emission and electron carriers back together with a higher membrane curvature resulting in normalized cardiolipin content. In the MMPOWER study, 30 patients in the elamipretide dosing groups (n = 9 with 0.01 mg/kg/h elamipretide, n = 9 with 0.1 mg/kg/h elamipretide, and n = 9 with 0.25 mg/kg/h elamipretide) compared with 30 patients in placebo group were included. The primary endpoint of distance covered during the 6 min walk test at day 5 was significantly higher in high-dose group (0.25 mg/kg/h) compared with the low dose and placebo. So they started the phase III of the randomized, double-blind, parallel-group, placebo-controlled trial to evaluate the efficacy and safety of daily subcutaneous injections of elamipretide in subjects with primary mitochondrial myopathy followed by an open-label treatment extension. We are waiting for these results. Interestingly from the literature, elamipretide/bendavia was also tested in zebrafish lateral cell lines as a novel antioxidant, on gentamicin-induced hair cell damage. 41 The treatment of bendavia exhibited dose-dependent protection against gentamicin in both acute and chronic exposures. They found that bendavia at 150 μm conferred optimal protection from either acute or chronic exposure with ototoxin. Bendavia reduced uptake of fluorescent-tagged gentamicin via mechanoelectrical transduction channels, suggesting that its protective effects may be partially due to decreasing ototoxic molecule uptake. The intracellular death pathways inhibition triggered by gentamicin might be also included as no blockage of gentamicin was observed. These data suggest that bendavia represents a novel otoprotective drug that might provide a therapeutic alternative for patients receiving aminoglycoside treatment.
Conclusions
A number of definitions and diagnostic criteria for sarcopenia are available. Annemie Schols (Maastricht University, Maastricht, Netherlands) stated that 'We need personalized medicine to provide the right care to the right patient at the right time'. Sarcopenia and low muscle mass are associated with significantly increased health care costs and are associated with significantly increased risk of death in emergency abdominal surgery, cancer, and others. Prospective large studies are required in the field of cachexia, sarcopenia, and muscle wasting. From basic science, new therapeutic targets were shown including RNAsome, piRNAs, miRNAs, ZIP14, LysoPC, and LysoPE. The role of the gut microbiota in the therapeutic management of muscle wasting and cachexia and the potential epigenetic treatment targets were presented and discussed. Nevertheless, the definition of cachexia and sarcopenia as well as effective screening tools is of special interest. Big randomized studies were presented such as RePOWER, STRAMBO. MMPOWER, FORCE, and SPRINTT. Effective treatments were urothelin A, rapalog treatment, epigenetic factor BRD 4 and epigenetic protein BET, and the gut pathobiont K. oxytoca.
